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@ Thermal image detecting system. 

(57) A thermal image detecting system is con- 
structed by a moving part (6) including a 
pyroelectric thermal detection element (1), a 
chopper (3) for opening/closing a path of in- 
frared rays and a chopper temperature detec- 
tion element (4), a rotating section (7) for 
rotating the moving part, a drive control section 
(9) for driving the chopper (3) and the rotating 
section (7), a band amplifier (10) for amplifying 
a detection signal from the pyroelectric thermal 
detection element (1), a timing output section 
(11) for outputting a signal synchronous with an 
opening/closing operation of the chopper(3), a 
peak detection section (12) for successively 
holding the maximum value and the minimum 
value of a signal from the band amplifier (10), 
and an operational processing section (13) for 
performing an operational processing to a ther- 
mal image signal on the basis of a difference 
between the maximum value and the minimum 
value or a difference between a reference signal 
from the band amplifier (10) in a closed state of 
the chopper (3) and the maximum value or the 
minimum value and the temperature of the 
chopper (3). 
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BACKGROUND OF THE INVENTION 

The present invention relates to a thermal image 
detecting system using a pyroetectric type thermal 
detection element provided, for example, for the de- 
tection of the distribution of room temperatures in a 
general house or the detection of the behavior of a hu- 
man body. 

The conventional non-contact temperature 
measuring system includes a quantum type infrared 
ray sensor and a thermal infrared ray sensor. The for- 
mer sensor or the quantum type infrared ray sensor 
is characterized in that the sensitivity is high and 
hence the speed of response is rapid. However, the 
sensor is required to be cooled (to about - 200°C). 
Therefore, this sensor is unsuitable for public use. On 
the other hand, the latter sensor or the thermal in- 
frared ray sensor has a relatively low sensitivity and 
a slow speed of response but is not necessary to be 
cooled. Therefore, this sensor is put to practical use 
in the market of public use. In particular, a pyroelec- 
tric type infrared ray sensor using the pyroelectric ef- 
fect is widely used. 

The pyroelectric infrared ray sensor has a differ- 
ential change output characteristic so that an output 
is generated only when the incident temperature 
changes. In the pyroelectric infrared ray sensor hi- 
therto placed to practical use, a Fresnel lens using a 
polyethylene resin and having the angle of view hav- 
ing a light distribution characteristic is provided on the 
entire surface of the sensor. When a human body 
moves, the radiation temperature of the human body 
is inputted as a time changing input in accordance 
with the light distribution characteristic. An output of 
the pyroelectric infrared ray sensor is provided in syn- 
chronism with the time changing input, thereby mak- 
ing it possible to detect the human body. On the other 
hand, when the human body is in a stationary state, 
the detection of the human body is not possible since 
the time changing input is not provided. 

Also, there are a pyroelectric infrared sensor 
which is made of ceramics and a point temperature 
sensor which uses a chopper. However, since these 
sensors have a low sensitivity and a very slow speed 
of response, it is not possible to detect several -tens 
temperature data in one or two seconds. Further, 
there is considered a system in which pyroelectric in- 
frared sensors are two-dimensionally arranged as 
temperature distribution measuring means. 

SUMMARY OF THE INVENTION 

In the conventional method, though the detection 
of a moving human body is possible, the position of 
the human body and a human body in a stationary 
state cannot be detected and the measurement of the 
temperature of an object other than a human body, for 
example, the measurement of a temperature distrib- 



ution of a wall or floor in a room is impossible. Also, 
the system, in which pyroelectric infrared sensors are 
two-dimensionally arranged, has a problem that the 
system construction becomes complicated. 

5 One object of the present invention is to provide 

a system in which a thermal image having a wide an- 
gle of view can be detected with a relatively simple 
system construction. Another object of the present in- 
vention is to improve the performance of a thermal 

10 image detecting system by performing a processing 
for highly-precise detection of a differential change 
characteristic outputted by a pyroelectric infrared ray 
sensor. 

To that end, a thermal image detecting system 
15 according to one aspect of the present invention com- 
prises a moving part including a pyroelectric thermal 
detection element, a chopper for opening/closing a 
path of infrared rays and a chopper temperature de- 
tection element, a rotating section for rotating the 
20 moving part around a predetermined rotation axis, a 
drive control section for driving the chopper and the 
rotating section, a band amplifier for amplifying a de- 
tection signal from the pyroelectric thermal detection 
element, a timing output section for outputting a signal 
25 synchronous with an opening/closing operation of the 
chopper, a peak detection section for successively 
holding the maximum value and the minimum value 
of a signal from the band amplifier in accordance with 
an output of the timing output section, and an opera- 
30 tional processing section for performing an operation- 
al processing to a thermal image signal on the basis 
of a difference between the maximum value and the 
minimum value and a detection signal of the chopper 
temperature detection element. 
35 According to this thermal image detecting sys- 

tem, there is provided a thermal image detecting sys- 
tem with a small size and a simple construction in 
which a detection signal from the pyroelectric thermal 
detection element is amplified while rotating the mov- 
40 ing part including the pyroelectric thermal detection 
element and the chopper so that the maximum value 
and the minimum value of the detection signal are de- 
tected at a fixed timing for each opening/closing op- 
eration of the chopper and a difference between the 
45 maximum value and the minimum value is operation- 
ally processed to obtain a thermal image signal. 

In the thermal image detecting system, a refer- 
ence signal detection section for detecting a signal 
from the band amplifier in a closed state of the chop- 
so per may be provided so that the operational process- 
ing section performs an operational processing to a 
thermal image signal on the basis of a difference be- 
tween t he maximum value or the minimum value from 
the peak detection section and the reference signal 
55 from the reference signal detection section. Thus, the 
thermal image signal can be obtained by an opera- 
tional processing based on a difference between a 
reference signal in a constant closed state of the 
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chopper and the maximum value or the minimum val- 
ue for each opening/closing operation of the chopper. 
Accordingly, the problem of a speed of response of 
the band amplifier to amplify a detection signal from 
the pyroelectric thermal detection element can be 
moderated, thereby making it possible to improve the 
degree of freedom of design of a band amplifier and 
the precision of detection of a thermal image. 

In the thermal image detecting system, a plurality 
of pyroelectric thermal detection elements may be ar- 
ranged in the form of a row as a pyroelectric thermal 
detection element group with the band amplifiers and 
so on being provided with the same number as the 
plurality of pyroelectric thermal detection elements, 
thereby detecting a two-dimensional thermal image. 
In this case, since a two-dimensional thermal image 
signal can be obtained in lieu of a one-dimensional 
thermal image signal, the capacity of detection of a 
temperature distribution, a human body position and 
so on is improved greatly. 

In the thermal image detecting system, an input 
signal of the timing output section may be a chopper 
driving signal from the drive control section for driving 
the chopper. In this case, a simple construction be- 
comes possible in such a manner that timings for de- 
tection of the maximum value and the minimum value 
for each opening/closing operation of the chopper are 
taken by the chopper driving signal. 

In the thermal image detecting system, an open- 
ing/closing detection sensor for detecting the actual 
opening/closing of the chopper may be provided in 
the moving part so that a detection signal from the 
opening/closing detection sensor is used as an input 
signal of the timing output section. In this case, since 
the opening/closing detection sensor is provided to 
detect the actual opening/closing of the chopper, the 
precision of detection of a signal from the pyroelectric 
thermal detection element can be improved and the 
detection of a failure of the chopper becomes possi- 
ble. 

In the thermal image detecting system, closing 
means for bringing the chopper to a closed state at 
the time of no supply of a current to the chopper may 
be provided. In this case, since the chopper is always 
brought to the closed state, the pyroelectric thermal 
detection element or the pyroelectric thermal detec- 
tion element group is prevented from being irradiated 
with unnecessary infrared rays in a period of time 
when the detection of a thermal image signal is not 
conducted. Further, when the reference signal detec- 
tion section detects the reference signal, the supply 
of a current for obtaining a closed state of the chopper 
becomes unnecessary. Therefore, power saving can 
be attained and an unnecessary temperature rise of 
the chopper and in the vicinity thereof can be re- 
duced. 

In the thermal image detecting system, the drive 
control section may be provided with a first timer and 



a second timer. The drive control section maintains 
the chopper at a closed state during the period of the 
first timer and thereafter causes the reference signal 
detection section to detect a reference signal in the 

5 period of the second timer. After the completion of the 
second timer, the moving part is rotated and an open- 
ing/closing operation of the chopper is performed. In 
this case, since the detection of the reference signal 
in the constant closed state of the chopper is made 

10 before the moving part is rotated, it is possible to 
avoid a temperature rise of the chopper and in the vi- 
cinity thereof, the influence of noises caused by the 
rotation operation of the moving part, and so on. As 
a result, the precision of thermal image detection can 

15 be improved. 

In the thermal image detecting system, the timer 
period of the first timer may be longer than at least 
two times as large as the opening/closing period of 
the chopper. In this case, since the chopper is placed 

20 at the above-mentioned constant closed state in a 
period of time longer than at least two times as large 
as the opening/closing period of the chopper, an out- 
put signal from the band amplifier can be stabilized 
entirely, thereby making it possible to detect the ref- 

25 erence signal with a higher precision. 

In the thermal image detecting system, the refer- 
ence signal detection section may be provided with 
averaging means which is inputted with a signal from 
the band amplifier plural times in a closed state of the 

30 chopper to calculate an average value of the plural 
signals inputted. In this case, since the detection of 
the reference signal is conducted plural times to de- 
termine the average value, there is provided an effect 
that the influence of external noises on the reference 

35 signal is reduced greatly. 

In the thermal image detecting system, there 
may be employed a construction in which the timing 
output section provides an output in a predetermined 
period of time in the vicinity of an instant of time of 

40 change from a closed state of the chopper to an 
opened state thereof and the peak detection section 
includes a polarity detection section so that the max- 
imum value or the minimum value is detected in ac- 
cordance with the detected polarity. In this case, 

45 since the detection of the maximum value or the minh 
mum value is conducted in the vicinity of the instant 
of time of change from the closed state of the chopper 
to the opened state thereof, the detection of the max- 
imum value or the minimum value can be performed 

so precisely and in a short time, thereby enhancing the 
degree of freedom of design concerning a signal proc- 
essing time. 

In the thermal image detecting system, the peak 
detection section may be constructed by a pair of ana- 
55 log peak hold sections and a time instant detection 
section for the maximum value and the minimum val- 
ue. Also, the peak detection section may be con- 
structed by an A/D conversion section, a pair of digital 
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peak hold sections and a time instant detection sec- 
tion. Thus, the peak detection section can be con- 
structed by either an analog circuit or a digital circuit. 
There is an effect that one of the analog circuit and 
the digital circuit can be selected properly to rational- 
ize the construction of the whole of the system. 

In the thermal image detecting system, there 
may be employed a construction in which an average 
value between the maximum or minimum value de- 
tected in the digital peak hold sections and the previ- 
ous maximum or minimum value is sequentially deter- 
mined. Also, the peak detection section can be con- 
structed by an A/D conversion section, an average 
value holding section for operating an average value 
between the preceding output value of the A/D con- 
version section and the present output value thereof 
and holding the average value, and a pair of digital 
peak hold sections for detecting the maximum value 
and the minimum value of an output value of the aver- 
age value holding section and holding them, respec- 
tively. In the case where the digital peak hold sections 
are used, two means for determining the maximum 
value or the minimum value by calculating an average 
value of values before and after are possible. When 
peak noises such as power supply noises, external 
noises or the like enter a signal from the pyroelectric 
thermal detection element or the band amplifier, the 
influence of these noises can be reduced through the 
averaging process. In other words, the averaging 
process contributes to the detection of a thermal im- 
age signal with a high precision. 

As apparent from the foregoing, the present in- 
vention provides excellent effects as industrial prod- 
ucts, that is, effects that a one-dimensional or two-di- 
mensional thermal image can be detected with a rel- 
atively simple construction and a high precision and 
the invention can be used widely for the detection of 
a temperature distribution, a human body, the posi- 
tion or behavior of the human body, and so on with a 
low-cost system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the construc- 
tion of a thermal image detecting system accord- 
ing to an embodiment of the present invention; 
Fig. 2 is a timing chart for explaining the operation 
of the thermal image detecting system shown in 
Fig. 1; 

Fig. 3 is a block diagram showing the construc- 
tion of a thermal image detecting system accord- 
ing to another embodiment of the present inven- 
tion; 

Fig. 4 is a timing chart for explaining the operation 
of the thermal image detecting system shown in 
Fig. 3; 

Fig. 5 is a timing chart for explaining the operation 
of a thermal image detecting system according to 



a further embodiment of the present invention; 
and 

Fig. 6 is a diagram showing an example of the 
construction a pyroelectric thermal detection ele- 
5 ment group. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

10 A thermal image detecting system according to 

the present invention will now be explained in refer- 
ence to the accompanying drawings. 

First, the construction of a thermal image detect- 
ing system according to an embodiment of the pres- 

15 ent invention will be explained by use of Fig. 1 . In the 
figure, reference numeral 1 designates a pyroelectric 
thermal detection element which has an electric char- 
acteristic changing in response to infrared rays, nu- 
meral 2 an infrared ray transmitting lens provided on 

20 a front surface of the pyroelectric thermal detection 
element 1 for transmitting infrared rays from a desired 
area, numeral 3 a chopper for opening/closing a path 
of infrared rays from an object to be detected (for ex- 
ample, a human body) to the pyroelectric thermal de- 

25 tection element 1, numeral 4 a chopper temperature 
detection element for detecting the temperature of 
the chopper 3, and numeral 5 an opening/closing de- 
tection sensor for detecting the actual opening/clos- 
ing operation of the chopper 3. These constituent ele- 

30 ments 1 to 5 form a moving part 6. Numeral 7 desig- 
nates a rotating section for rotating the moving part 6 
around a predetermined rotation axis in a predeter- 
mined range, for example, a range of 150°. The rotat- 
ing section 7 includes a stepping motor 8 or the like. 

35 Numeral 9 designates a drive control section for driv- 
ing the chopper 3 and the stepping motor 8, and nu- 
meral 10 designates a band amplifier which is input- 
ted with a minute detection signal S1 from the pyro- 
electric thermal detection element 1 and has the max- 

40 imum amplification degree, for example, about 60 to 
80 dB, in the vicinity of a frequency equal to the open- 
ing/closing frequency of the chopper 3. Numeral 11 
designates a timing output section which is inputted 
with an opening/closing detection signal S6 from the 

45 opening/closing detection sensor 5 to output the tim- 
ing of detection of an output signal S2 of the band am- 
plifier 10, numeral 12 a peak detection section for suc- 
cessively holding the maximum value and the mini- 
mum value of the output signal of the band amplifier 

so 1 0 for each opening/closing operation of the chopper 
3, and numeral 13 an operational processing section 
which is inputted with an output signal S3 from the 
peak detection section 12 to obtain a difference be- 
tween the maximum value and the minimum value 

55 and is inputted with a detection signal from the chop- 
per temperature detection element 4 to perform an 
operational processing to a thermal image signal on 
the basis of the detection signal and the difference 
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between the maximum value and the minimum value. 

Next, explanation will be made of the operation of 
the system shown in Fig. 1 . Fig. 2 is a timing chart for 
explaining the operation of the construction shown in 
Fig. 1 . First, the drive control section 9 outputs driving 5 
signals to the chopper 3 and the rotating section 7 so 
that the moving part 6 is rotated, for example, by 
about 0.3° at every 4 ms and the chopper 3 is 
opened/closed, for example, at 32 Hz. The chopper 
driving signal S5 is a signal which has an open- 10 
ing/closing period of Tc and has the actual opened 
state and closed state about half and half. The open- 
ing/closing detection sensor 5 detects the open- 
ing/closing operation of the chopper 3 to output an 
opening/closing signal S6 as shown in Fig. 2. The ac- 15 
tual operation of the chopper 3 has a response delay 
of Td for the chopper driving signal. In accordance 
with the opening/closing operation of the chopper 3, 
the pyroelectric thermal detection element 1 is input- 
ted with the temperature of the chopper 3 when the 20 
chopper 3 is in a closed state and with the tempera- 
ture of an object such as a human body to be detected 
when the chopper 3 is in an opened. The pyroelectric 
thermal detection element 1 continuously provides as 
a detection signal S1 a differential change output 25 
which is substantially proportional to a differential 
temperature AT (= the temperature of the object to be 
detected minus the temperature of the chopper 3). 
The band amplifier 10 amplifies the detection signal 
S1 to provide an output signal S2 as shown in Fig. 2. 30 
The output signal S2 has a characteristic as shown by 
solid line in Fig. 2 when the differential temperature 
AT is positive and a characteristic as shown by broken 
line when the differential temperature AT is negative. 
In the output signal S2 of the band amplifier 10, a drf- 35 
ference between the maximum value V1 and the 
minimum value V2 of the output signal S2 in a period 
KV corresponding to the actual opening/closing op- 
eration period of the chopper 3, for example, a period 
K1 shown in Fig. 2 , that is, V1 - V2 is substantially 40 
proportional to the differential temperature AT. A per- 
iod K2' corresponds to a period K2. The maximum 
value V1 (or the minimum value V1 when AT < 0) ap- 
pears in the vicinity of an instant of time tl at which the 
chopper 3 is brought from its opened state to its 45 
closed state, and the minimum value V2 (or the max- 
imum value V2 when AT < 0) appears in the vicinity 
of an instant of time t2 at which the chopper 3 is 
brought from its closed state to its opened state. 

The timing output section 11 is inputted with the 50 
opening/closing detection signal S6 from the open- 
ing/closing detection sensor 5 to provide an output to 
the peak detection section 12 during a time Tj after 
the lapse of a time Ti from the point of time at which 
the chopper 3 is brought from its closed state to its 55 
opened state, that is, for a time corresponding to the 
period KV. The times Ti and Tj are selected such that 
the time Tj is shorter than the opening/closing period 



Tc and is in a range in which the detection of the max- 
imum value V1 and the minimum value V2 of the out- 
put signal S2 is sufficiently possible. In the period K1 
outputted by the timing output section 11, the maxi- 
mum value V1 and the minimum value V2 are detect- 
ed and held by the peak detection section 12 and are 
supplied as an output signal S3 to the operational 
processing section 13. The operational processing 
section 1 3 determines a differential temperature AT in 
accordance with the equation of 

AT = k(V1 - V2) (k: predetermined constant) 
and operates the temperature Ta of the object to be 
detected in accordance with 

Ta = Tc + AT 
by use of a chopper temperature Tc inputted from the 
chopper temperature detection element 4. 

The timing output section 11 and the peak detec- 
tion section 12 repeat a similar operation for each 
opening/closing operation of the chopper 3 and the 
operational processing section 13 successively de- 
termines the temperature Ta of the object to be de- 
tected. When the rotation of the moving part 6 over a 
predetermined range is completed, data of a series of 
temperatures Ta over the entire area or a thermal im- 
age signal S4 is outputted to the exterior. The thermal 
image signal S4 includes the temperatures of a wall 
surface in a detection area or information when a hu- 
man body exists and is used for a radiation tempera- 
ture detection, a human body detection or the like by 
an external processing. 

Fig. 3 shows another embodiment of the present 
invention. In the figure, reference numeral 14 desig- 
nates a reference signal detection section which de- 
tects and holds a signal from the band amplifier 10 in 
a period of time when the chopper 3 is maintained at 
a closed state by the drive control section 9. The de- 
tected reference signal S7 is outputted to the opera- 
tional processing section 13. In Fig. 3, the same ref- 
erence numerals as those used in Fig. 1 designates 
constituent elements which are the same as or corre- 
spond to those shown in Fig. 1. 

Next, explanation will be made of the operation of 
the embodiment shown in Fig. 3. Fig. 4 is a timing 
chart for explaining the operation of the construction 
shown in Fig. 3. Before outputting driving signals to 
the chopper 3 and the rotating section 7, the drive 
control section 9 outputs a chopper driving signal S6 
during a time Ta from an instant of time to to maintain 
the chopper 3 at a closed state. The closed state of 
the chopper 3 is maintained during a time Tb after the 
lapse of Ta. In this case, the amplitude of an output 
signal S2 of the band amplifier 10, irrespective of the 
state of the signal S2 before the instant of time tO, be- 
comes zero not later than the lapse of the time Ta so 
that the signal S2 assumes a certain constant output 
level V0. The obtained state is continued during the 
time Tb. The reference signal detection section 14 is 
inputted with the output signal S2 in the time Tb so 



5 



9 



EP 0 588 644 A1 



10 



that the value of the output signal S2 is held as a ref- 
erence signal S7. Thereafter, the drive control section 
9 outputs driving signals to the chopper 3 and the ro- 
tating section 7 to drive the chopper 3 and the moving 
part 6, thereby performing an operation similar to that 
explained in conjunction with Fig. 2. An output signal 
S3 from the peak detection section 12 and the refer- 
ence signal S7 from the reference signal detection 
section 14 are inputted to the operational processing 
section 13. The operational processing section 13 
uses the maximum value or minimum value V2 of the 
output signal S3 of the peak detection section 12 in 
the vicinity of an instant of time t2 and V0 of the ref- 
erence signal S7 to determine a differential tempera- 
ture T in accordance with the equation of 

AT = k'(V0 - V2) (k': predetermined constant) 
and further uses a chopper temperature Tc inputted 
from the chopper temperature detection element 4 to 
determine the temperature Ta of an object to be de- 
tected in accordance with 

Ta = Tc + AT. 

A similar operation is repeated for each open- 
ing/closing operation of the chopper 3 as in the em- 
bodiment shown in Fig. 1 so that the operational proc- 
essing section 13 successively determines the tem- 
perature Ta of the object to be detected. 

The reason why V2 of V1 and V2 of the output sig- 
nal S3 is used in the equation of AT = k'(V0 - V2) used 
by the operational processing section 1 3, is that it can 
generally be said from the response characteristic of 
the band amplifier 10 that V2 is superior to V1 in a 
proportional relation with a temperature signal detect- 
ed by the pyroelectric thermal detection element 1. 
This will be explained using Fig. 5. In the case where 
a detection signal S1 from the pyroelectric thermal 
detection element 1 detects a fixed differential tem- 
perature, as shown by a characteristic L1 indicated by 
solid line in Fig. 5, an output signal S2 of the band am- 
plifier 10 takes an output as shown by a characteristic 
L1\ In the case where the detection signal S1 has a 
characteristic L2 shown by broken line, the output sig- 
nal S2 of the band amplifier 10 takes a characteristic 
L2\ Now provided that the value of the characteristic 
L2 is 1/2 that of the characteristic L1 at an instant of 
time t3, the output signal S2 cannot sufficiently follow 
the detection signal S1 in the vicinity of the instant of 
time t3 due to a response delay but exhibits a peak 
substantially corresponding to the detection signal S1 
at an instant of time t4. Also, when the differential tem- 
perature AT becomes reverse with respect to the 
characteristic L1 as at an instant of time t5, that is, AT 
becomes negative, the output signal S2 has a consid- 
erably poor degree of correspondence to the detec- 
tion signal S1 in the vicinity of the instant of time t5 
but exhibits a peak substantially corresponding to the 
differential temperature AT at an instant of time t6. 
When AT becomes positive again at an instant of time 
t7, the output signal S2 exhibits a peak substantially 



corresponding to the differential temperature AT at an 
instant of time t8. Accordingly, it is apparent from the 
foregoing that in the case where the value of the dif- 
ferential temperature is greatly different in a detection 

5 rotation range and in particular in the case where the 
polarity of the differential temperature is different, the 
maximum value or minimum value V2 of the output 
signal S2 of the band amplifier 10, which value is a 
peak value in the vicinity of an instant of time when 

w the chopper is brought from a closed state to an 
opened state, is superior in a proportional relation 
with the differential temperature to be detected. 

From the above, the value of (V0 - V2) is gener- 
ally smaller than that of (V1 - V2) obtained in the case 

15 of Fig. 2 (about 1/2 in the case where a differential 
temperature is fixed) but provides a differential tem- 
perature AT which has a higher precision as com- 
pared with that obtained in the case of Fig. 2. 

In the drive control section 9, the time Ta and the 

20 time Tb can be realized easily by providing a first timer 
and a second timer which operates after the comple- 
tion of the first timer. If the response characteristic of 
the band amplifier 10 is considered, it is preferable 
that the time Ta is made longer than a time from the 

25 point of time when the chopper 3 is brought to a 
closed state and to the point of time when the output 
signal S2of the band amplifier 10 becomes complete- 
ly zero. In general, the time Ta longer than two times 
as large as the opening/closing period Tc of the chop- 

30 per 3 is enough. The noise resistance can be im- 
proved in such a manner that when the output signal 
S2 of the band amplifier 10 is inputted, the reference 
signal detection section 14 reads the output signal S2 
plural times to determine an average value which is 

35 in turn provided as a reference signal S7. 

In the present embodiment, the operational proc- 
essing section 13 uses V2 of the output signal S3 of 
the peak detection section 12 but does not use V1 
thereof. Accordingly, there may be used a construc- 

40 tion in which the maximum value or the minimum val- 
ue detected by the peak detection section 12 is only 
V2. For example, the timing output section 11 is con- 
structed such that the period KV in Fig. 4 when the 
peak detection section 12 detects the maximum value 

45 or the minimum value of the output signal S2 of the 
band amplifier 10 is only in the vicinity of an instant 
of time tl, that is, the time Tl is made long and the time 
Tj is short And, the peak detection section 12 is pro- 
vided with a polarity detecting section inputted with a 

so signal from the band amplifier 10 for detecting the po- 
larity of the signal from the band amplifier 1 0 so that 
the maximum value is held when the polarity is pos- 
itive and the minimum value is held when the polarity 
is negative. With such a construction, it is possible to 

55 detect the maximum value or minimum value V2 ac- 
curately. 

In the foregoing, the thermal image detecting 
system according to the present invention has been 
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explained on the basis of the embodiments shown in 
Figs. 1 and 3. However, other constructions as men- 
tioned in the following are possible. 

In the foregoing embodiments shown in Figs. 1 
and 3, the explanation has been made in conjunction 
with the case where the pyroelectric thermal detec- 
tion element 1 is single in number. However, there can 
be employed a construction, as shown in Fig. 6, in 
which a plurality of (for example, eight) pyroelectric 
thermal detection elements 1a, 1b, 1c, — are ar- 
ranged in the form of a row to provide a pyroelectric 
thermal detection element group 15 so that the ele- 
ments in the row form are approximately perpendic- 
ular to the rotation direction of the moving part 6 and 
band amplifiers and peak detection sections (and ref- 
erence signal detection sections in the case of Fig. 3) 
are provided corresponding to the plurality of pyro- 
electric thermal detection elements 1a, 1b, 1c, — 
with the same number as those elements, thereby 
providing a multi-channelling so that a two-dimen- 
sional thermal image signal is obtained as the ther- 
mal image signal S4. Provided that the number of ele- 
ments in the pyroelectric thermal detection element 
group 15 is 8, the angle of view by the infrared ray 
transmitting lens 2 is 80°, a horizontal rotation range 
of the moving part 6 is 150° and the chopper 3 is 
opened/closed 64 times at the opening/closing fre- 
quency of 32 Hz, a two-dimensional thermal image 
signal including an area of 80° in an up/down direction 
and 150° in a right/left direction and including 8 pixels 
in a vertical direction x 64 pixels in a horizontal direc- 
tion can be obtained in about 2 seconds. 

The opening/closing detection sensor 5 in the 
embodiments shown in Figs 1 and 3 detects the ac- 
tual opening/closing operation. Therefore, a failure of 
the chopper 3 can be detected simultaneously if 
whether or not the opening/closing detection signal 
S6 of the opening/closing detection sensor 5 is nor- 
mal is detected by the timing output section 11. Also, 
an approximately similar operation is possible even if 
the opening/closing detection sensor is not used in or- 
der to simplify the system and the chopper driving sig- 
nal S6 is thereinstead used as an input signal of the 
timing output section 11. In this case, considering a 
response delay time for the chopper driving signal S5 
of the chopper 3, that is, Td in Figs. 2 and 4, Tj + Td 
is used in lieu of Tj. 

Though the opening/closing of the chopper 3 in 
the embodiments shown in Figs. 1 and 3 is controlled 
by the chopper driving signal S5 of the drive control 
section 9, the chopper can be provided with closing 
means for closing a path of infrared rays to the pyro- 
electric thermal detection element at the time of no 
supply of a current to the chopper 3. In this case, it is 
possible to prevent an unnecessary infrared ray sig- 
nal from entering the pyroelectric thermal detection 
element 1 in a period of time when the detection of a 
thermal image is not conducted. Also, when the ref- 



erence signal detection section 14 detects the refer- 
ence signal S7 in the embodiment of Fig. 3, the supply 
of a current to the chopper 3 by the drive control sec- 
tion 9 to bring the chopper 3 into a closed state be- 

5 comes unnecessary, thereby attaining power saving 
and the prevention of unnecessary temperature rise. 
Further, the time Ta in Fig. 4 can be shortened as a 
result, thereby contributing to the shortening of a time 
of repetition of the detection of a thermal image. 

10 In the embodiments shown in Figs. 1 and 3, the 

chopper temperature detection element 4 for detect- 
ing the temperature of the chopper 3, that is, a refer- 
ence temperature is provided the moving part 6. This 
chopper temperature detection element 4 is neces- 

15 sary in the case where when the thermal image sig- 
nal S4 is to be obtained, the temperature of an object 
to be detected itself is determined and a small change 
in characteristic of a signal detected by the pyroelec- 
tric thermal detection element 1 due to a change in 

20 reference temperature is corrected. However, in the 
case where a thermal image based on a temperature 
AT of a difference from the chopper temperature suf- 
fices, the chopper temperature detection element 4 
can be omitted. 

25 In addition to the above, the peak detection sec- 

tion 12 in the embodiments shown in Figs. 1 and 3 can 
be constructed as follows. 

The peak detection section 12 can be construct- 
ed by a pair of analog peak hold sections for holding 

30 the maximum value and the minimum value (or V1 
and V2) of an output signal of the band amplifier 10 
respectively and a time instant detection section for 
detecting a temporal relationship in sequence be- 
tween the detection of the maximum value and the 

35 detection of the minimum value (or a relationship in 
sequence between t1 and t2) so that the outputs of 
the pair of analog peak hold sections and the output 
of the time instant detection section are inputted to 
the operational processing section 13 to determine a 

40 differential temperature AT. Alternatively, the peak 
detection section 12 may be constructed by an A/D 
conversion section for sequentially converting an out- 
put signal of the band amplifier 1 0 into a digital value, 
a pair of digital peak hold sections for holding, the dig- 

45 ital value outputted by the A/D conversion section, as 
the maximum value when the digital output value is 
larger than the preceding values and as the minimum 
value when the digital output value is smaller than the 
preceding values, and a time instant detection section 

50 for detecting a temporal relationship in sequence be- 
tween the detection of the maximum value and the 
detection of the minimum value so that the output of 
the A/D conversion section, the outputs of the pair of 
digital peak hold sections and the output of the time 

55 instant detection section are inputted to the opera- 
tional processing section 1 3 to determine a differen- 
tial temperature AT. Thus, the peak detection section 
12 can be constructed by either an analog circuit or 
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a digital circuit. Which of the analog circuit and the 
digital circuit should be used in the construction of the 
whole of the system, can be selected properly. 

The pair of digital peak hold sections mentioned 
above can be constructed to hold an average value 5 
between the output value of the A/D conversion sec- 
tion and the previous maximum or minimum value as 
a new maximum value when the output value of the 
A/D conversion section is larger than the previous 
maximum value and as a new minimum value when 10 
the output value of the A/D conversion section is 
smaller than the previous minimum value. Also, the 
peak detection section 12 can be constructed by an 
A/D conversion section for sequentially converting an 
output signal of the band amplifier 1 0 into a digital val- 15 
ue t an average value holding section for operating an 
average value between the preceding output value of 
the A/D conversion section and the present output 
value thereof and holding the average value, a pair of 
digital peak hold sections for detecting the maximum 20 
value and the minimum value of an output value of the 
average value holding section and holding them, re- 
spectively, and a time instant detection section for de- 
tecting a temporal relationship in sequence between 
the detection of the maximum value and the detection 25 
of the minimum value. Each of the two means includ- 
ing the averaging process as mentioned above brings 
about a small detection error from the ideal maximum 
value and minimum value but provides an effect that 
the influence of noises such as power supply noises, 30 
in particular, peak noises at the time of detection can 
be reduced greatly, thereby enhancing the practical 
precision of detection. 



Claims 

1. A thermal image detecting system comprising: 

a moving part (6) including a pyroelectric 
thermal detection element (1) having an electric 40 
characteristic which changes in response to in- 
frared rays, a chopper (3) for opening/closing a 
path of infrared rays from an object to be detected 
to said pyroelectric thermal detection element, 
and a chopper temperature detection element (4) 45 
for detecting the temperature of said chopper; 

rotating means (7) for rotating said moving 
part around a predetermined rotation axis; 

a drive control section (9) for driving said 
chopper and said rotating means; so 

a band amplifier (10) for amplifying a de- 
tection signal from said pyroelectric thermal de- 
tection element; 

timing output means (11) for outputting a 
signal synchronous with an opening/closing op- 55 
eration of said chopper; 

a peak detection section (12) for succes- 
sively holding the maximum value and the mini- 



IA1 14 

mum value of a signal from said band amplifier in 
accordance with an output of said timing output 
means; and 

an operational processing section (13) in- 
putted with a signal from said peak detection sec- 
tion to perform an operational processing to a 
thermal image signal on the basis of the detec- 
tion signal and a difference between said maxi- 
mum value and said minimum value and a detec- 
tion signal of said chopper temperature detection 
element 

2. A thermal image detecting system comprising: 

a moving part (6) including a pyroelectric 
thermal detection element (1) having an electric 
characteristic which changes in response to in- 
frared rays, a chopper (3) for opening/closing a 
path of infrared rays from an object to be detected 
to said pyroelectric thermal detection element, 
and a chopper temperature detection element (4) 
for detecting the temperature of said chopper; 

rotating means (7) for rotating said moving 
part around a predetermined rotation axis; 

a drive control section (9) for driving said 
chopper and said rotating means; 

a band amplifier (10) for amplifying a de- 
tection signal from said pyroelectric thermal de- 
tection element; 

a reference signal detection section (14) 
for detecting a signal from said band amplifier in 
a period of time when said chopper is maintained 
at a closed state by said drive control section; 

timing output means (11) for outputting a 
signal synchronous with an opening/closing op- 
eration of said chopper; 

a peak detection section (12) for holding 
the maximum value and the minimum value of a 
signal from said band amplifier in accordance 
with an output of said timing output means; and 

an operational processing section (13) in- 
putted with a reference signal from said reference 
signal detection section and a signal from said 
peak detection section to perform an operational 
processing to a thermal image signal on the basis 
of the detection signal and a difference between 
said maximum value or minimum value and said 
reference signal and a detection signal of said 
chopper temperature detection element. 

3. A thermal image detecting system according to 
Claim 1, wherein a plurality of said pyroelectric 
thermal detection elements (1a — 1n) are ar- 
ranged in the form of a row to provide a pyroelec- 
tric thermal detection element group (15), and 
said band amplifiers (10) and said peak detection 
sections (12) are provided corresponding to said 
plurality of pyroelectric thermal detection ele- 
ments with the same number as those elements, 
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output signals from the plurality of peak detection 
sections being inputted to said operational proc- 
essing section (13) to obtain a two-dimensional 
thermal image signal. 

5 

4. A thermal image detecting system according to 
Claim 2, wherein a plurality of said pyroelectric 
thermal detection elements (1a — 1n) are ar- 
ranged in the form of a row to provide a pyroelec- 
tric thermal detection element group (15), and 10 
said band amplifiers (10), said peak detection 
sections (12) and said reference signal detection 
sections (14) are provided corresponding to said 
plurality of pyroelectric thermal detection ele- 
ments with the same number as those elements, 15 
output signals from the plurality of reference sig- 
nal detection sections and the plurality of peak 
detection sections being inputted to said opera- 
tional processing section (13) to obtain a two-di- 
mensional thermal image signal. 20 

5. A thermal image detecting system according to 
Claim 1 or 2, wherein said timing output means 
(11) includes means which is inputted with a 
chopper driving signal from said drive control sec- 25 
tion (9) for driving said chopper (3) and outputs a 
timing signal for detection of the maximum value 

or the minimum value in said peak detection sec- 
tion (12). 

30 

6. A thermal image detecting system according to 
Claim 1 or 2, wherein said moving part (6) in- 
cludes an opening/closing detection sensor (5) 
for detecting the opening/closing of said chopper 

(3), and said timing output means (11) includes 35 
means which is inputted with an opening/closing 
detection signal from said opening/closing detec- 
tion sensor and outputs a timing signal for detec- 
tion of the maximum value or the minimum value 
in said peak detection section (12). 40 

7. A thermal image detecting system according to 
Claim 1 or 2, wherein said chopper (3) is provided 
with closing means for closing the path of in- 
frared rays to said pyroelectric thermal detection 45 
element (1) at the time of no supply of a current 

to said chopper. 

8. A thermal image detecting system according to 
Claim 2, wherein said drive control section (9) in- so 
eludes a first timer and a second timer which op- 
erates after the completion of said first timer, so 

that said drive control section maintains said 
chopper (3) at a closed state during the period of 
said first timer and provides an output to said ref- 55 
erence signal detection section (14) during the 
period of said second timer to cause said refer- 
ence signal detection section to detect a refer- 



ence signal from said band amplifier (10), and 
wherein after the completion of said second 
timer, said drive control section causes said rotat- 
ing means (7) to rotate said moving part (6) 
around said predetermined rotation axis while 
causing an opening/closing operation of said 
chopper. 

9. A thermal image detecting system according to 
Claim 8, wherein the timer period of said first 
timer of said drive control section (9) is longer 
than at least two times as large as the open- 
ing/closing period of said chopper (3). 

10. A thermal image detecting system according to 
Claim 2 or 8, wherein said reference signal detec- 
tion section (9) includes averaging means input- 
ted with the signal from said band amplifier plural 
times in a closed state of said chopper (3) to cal- 
culate an average value of the plural detection 
signals, said average value being provided as the 
reference signal. 

11. A thermal image detecting system according to 
Claim 2, wherein said timing output section (11) 
provides an output in a period of time in the vicin- 
ity of an instant of time of the next change from a 
closed state of said chopper (3) to an opened 
state thereof for the opening/closing operation of 
said chopper, said peak detection section (12) in- 
cludes polarity detecting means for detecting the 
polarity of the signal from said band amplifier 
(10), and said peak detection section is inputted 
with the signal from said band amplifier in a per- 
iod of time when said timing output means pro- 
vides the output and holds the maximum value 
when the polarity of the signal inputted from said 
band amplifier is positive and the minimum value 
when the polarity of the signal inputted from said 
band amplifier is negative. 

12. A thermal image detecting system according to 
Claim 1 or 2, wherein said peak detection section 
(12) includes a pair of analog peak hold sections 
for holding the maximum value and the minimum 
value of a signal from said band amplifier (10) re- 
spectively and a time instant detection section for 
detecting a temporal relationship in sequence be- 
tween the detection of the maximum value and 
the detection of the minimum value. 

13. A thermal image detecting system according to 
Claim 1 or 2, wherein said peak detection section 
(12) includes an A/D conversion section for se- 
quentially converting a signal from said band am- 
plifier (10) into a digital value, a pair of digital peak 
hold sections for holding, the digital value output- 
ted by the A/D conversion section, as the maxi- 
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mum value when the digital output value is larger 
than the preceding values and as the minimum 
value when the digital output value is smaller 
than the preceding values, and a time instant de- 
tection section for detecting a temporal relation- 5 
ship in sequence between the detection of the 
maximum value and the detection of the mini- 
mum value. 

14. A thermal image detecting system according to 10 
Claim 13, wherein said pair of digital peak hold 
sections hold an average value between the out- 
put value of said A/D conversion section and the 
previous maximum or minimum value as a new 
maximum value when the output value of said 15 
A/D conversion section is larger than the previ- 
ous maximum value and as a new minimum value 
when the output value of said A/D conversion 
section is smaller than the previous minimum val- 
ue. 20 

15. A thermal image detecting system according to 
Claim 1 or 2, wherein said peak detection section 
(12) includes an A/D conversion section for se- 
quentially converting a signal from said band am- 25 
plifier (10) into a digital value, an average value 
holding section for operating an average value 
between the preceding output value of said A/D 
conversion section and the present output value 
thereof and holding the average value, a pair of 30 
digital peak hold sections for detecting the maxi- 
mum value and the minimum value of an output 
value of said average value holding section and 
holding them, respectively, and a time instant de- 
tection section for detecting a temporal relation- 35 
ship in sequence between the detection of the 
maximum value and the detection of the mini- 
mum value. 
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FIG. 2 
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FIG. 5 
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